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Like many emergency physicians my age, I have studied and vigorating the field of cardiac arrest research. I am grateful that
two of the experts in this area have written this issue of EM
Reports. After reading this, I anticipate you will place these prin-

ciples into practice.

performed resuscitation for many years. I learned mouth-to-

mouth resuscitation in the Boy Scouts and CPR in medical school.
1 did chest compressions in the
ED and on the wards. I helped

. . . —J. Stephan St K,
Maximizing Survival from Out-of-Hospital epran S1apczyns

with CPR studies in dogs. I've . . . MD, Editor
analyzed the ouicome of para- Cardiac Arrest: Putting Effective
medic CPR. I wrote a prehospi- | Emergency Cardiac Care Into Practice Introduction

Case scenario: Consider a
41-year-old male collapsing in
the shower at a public pool
immediately after finishing a
daily swim workout. Fortunate-
ly, an off-duty paramedic sees
him collapse and initiates car-
diopulmonary resuscitation
(CPR). A public access defibril-
lator is located, and two shocks
are administered approximately
5 minutes after collapse. The
victim regains return of sponta-

tal cardiac care manual. I've
lectured on CPR and taught
ACLS courses. And, despite this
experience, I can remember only
a few patients that I've “saved.”
Of course, it wasn’t only me, but
a whole team of professionals
doing their best that produced
the gratifyingly, albeit rare, neu-
rologically intact outcome from
cardiac arrest.

It has been with this back-
ground that I have long antici-

Authors: Bentley J. Bobrow, MD, FACEP, Assistant Professor of Emergency
Medicine, Department of Emergency Medicine, College of Medicine, Mayo
Clinic, Scottsdale, AZ; Medical Director, Bureau of Emergency Medical
Services and Trauma System, Arizona Department of Health Services,
Phoenix, AZ; and Tom P. Aufderheide, MD, FACEP, FAHA, Professor of
Emergency Medicine with Tenure, Associate Chair of Research Affairs,
Department of Emergency Medicine, Medical College of Wisconsin,
Milwaukee.

Peer Reviewer: William J. Brady, MD, Professor of Emergency Medicine and

Medicine, Vice Chair of Emergency Medicine, Department of Emergency

Medicine, University of Virginia, Charlottesville.

pated new approaches to car-
diac arrest resuscitation. A new generation of physicians is rein-

neous circulation (ROSC) but

remains comatose after arrival in the emergency department
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(ED). In the ED, a 12-lead electrocardiogram (ECG) is diagnos-
tic for an acute myocardial infarction (AMI). The ED initiates
therapeutic hypothermia (TH), and the patient is taken to the car-
diac catheterization laboratory where a 100% left anterior
descending coronary artery occlusion is stented. The patient sub-
sequently receives 24 hours of TH. Following re-warming, he
regains consciousness and is without neurological deficit. An
implantable cardiac defibrillator (ICD) is inserted by cardiology,
and he returns home to his family, job, and pastime of competi-

tive swimming.

This real-life scenario illustrates a common emergency with
an uncommon outcome. By understanding the physiology of car-
diac arrest, recognizing the hemodynamically significant compo-
nents of CPR, and delivering optimal emergency cardiac care,
healthcare providers can significantly increase the frequency of
this outcome throughout our communities. While provocative
research in resuscitation is being conducted, this communication
focuses on putting current guidelines into practice to save lives.

Out-of-Hospital Cardiac Arrest

Cardiopulmonary arrest claims 350,000 to 450,000 lives per
year and accounts for up to 10% of total mortality in the United

States.!?
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Despite the scientifically established principle of “the chain of
survival,” including immediate activation of emergency medical
services (EMS), early CPR, early defibrillation, and early
advanced life support measures, neurologically intact survival
from out-of-hospital cardiac arrest (OHCA) in the United States
averages less than 6.4%.’

A 2005 study by Rea, et al. summarized the cardiac arrest
experience of 35 communities, representing 9% of the U.S. popu-
lation. These communities reported survival rates from ventricular
fibrillation ranging from 3.3% to 40.5%—a 12-fold difference.*

Why do the chances of survival vary so dramatically in differ-
ent communities?

Variation in survival rates among communities has been attrib-
uted to differences in implementing each link in the chain of sur-
vival as described by the American Heart Association (AHA).>¢

While system factors (i.e., bystander CPR, availability of
AEDs, time to first defibrillation, and EMS response time) remain
difficult for individual emergency physicians (EPs) to modulate,’
new understanding of the importance of high-quality CPR, the
interaction of CPR with defibrillation, and standardized post-car-
diac arrest care has been shown to significantly improve survival.?

There are many questions yet to be answered on the best resus-
citation techniques, however recent discoveries have been made in
how to improve neurologically intact survival from OHCA.
Established treatments for OHCA resuscitation demonstrate
improved survival and can be consistently implemented now.

The purpose of this communication is to describe the physiol-
ogy of CPR, identify interventions demonstrated to increase sur-
vival from adult cardiac arrest, and provide EPs with an approach
to cardiac arrest that will improve outcomes by optimizing the
delivery of emergency cardiac care.

The Physiology of Resuscitation from Ventricular
Fibrillation Cardiac Arrest

The Three Phases. One of the many important concepts to
come forward since publication of the 2000 American Heart
Association Guidelines is the 3-phase, time-dependent concept of
cardiac arrest due to ventricular fibrillation described by Weisfeldt
and Becker.’ (See Figure 1.) The first phase, termed the electrical
phase, lasts approximately 4 minutes. During this phase, the most
important intervention is prompt defibrillation. The benefit of
using an automated external defibrillator (AED) during this first
phase has been shown in a wide variety of settings, including air-
planes, airports, casinos, and in the community.!*-4

The second phase is the circulatory phase, which lasts approx-
imately from minute 4 to10 of the arrest. During this time, gener-
ation of adequate cerebral and coronary perfusion pressure is
critical to achieving neurologically normal survival. If adequate
hemodynamics (through high-quality CPR) are not provided dur-
ing this phase, the victim is much less likely to survive. The third
phase (greater than approximately 10 minutes after circulatory
arrest) is the metabolic phase for which current approaches offer
little benefit and innovative new concepts are needed. An aware-
ness of these 3 phases helps put into context some of the recent
improvements in resuscitation technique.
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Figure 1. Three-Phase Model of VF Cardiac Similar to Europe, bystander CPR rates in the United States are

Arrest low, and have been implicated as one of the reasons for poor sur-
vival. Vadeboncoeur and colleagues found an odds ratio for sur-
100% ) vival of 2.2 and a 37% overall bystander CPR rate in the state of
{Myocardial ATP . )
Arizona between 2004 and 2006. However, when those with med-
ical training as part of their vocation were excluded as rescuers,
0 only 25% of OHCA victims in Arizona received layperson CPR.>*
Possible reasons for the low rates of bystander CPR include a
Electrical §Circulatory Metabolic fear of performing CPR correctly, fear of causing harm to the
phase phase phase victim, panic, reluctance to perform mouth-to-mouth breathing,
and fear of transmitted diseases.”>*' The complexity of CPR for
non-medical rescuers is another probable factor. Likely, the gen-
. erally low rates of CPR are due to a combination of these factors.
0 2 4 g 8 10 12 14 16 18 20 Adult OHCA survival has been shown to be better when
Arrest time (min) bystanders perform chest compression only CPR compared with
Used with permission from: Weisfeldt ML, Becker LB. JAMA no CPR.32 An observational study from the SOS-KANTO Group
?002;288:3035-3038. Copyright © 2002 American Medical Assocation. All in Japan looked at 4,068 adult OHCAs, 439 (11%) received chest
rights reserved. compression alone CPR, 712 (18%) received conventional CPR;
. .. and 2,917 (72%) received no CPR. The study showed that any
Cardiopulmonary Resuscitation (CPR): resuscitation attempt was associated with a higher proportion of
Importance of CPR - . : .
victims having favorable neurological outcomes than no resusci-
The goal of CPR is to optimize blood flow to the vital organs, tation attempt (5.0% vs 2.2%, p <0.0001). Additionally, on sub-
particularly the heart and brain, to maximize the chance of return of group analysis, there was no evidence for any survival benefit
spontaneous circulation (ROSC) and a good neurological outcome. from the addition of mouth-to-mouth ventilation.
Effective CPR generates blood flow to vital organs until circulation Acknowledging all these factors and the need to increase the
is restored by defibrillation or other therapies. CPR has also been prevalence and quality of bystander CPR, the AHA recently
shown to prolong the duration of VF in OHCA victims,'>!¢ thus changed its guidelines for bystander CPR and issued the advisory
expanding the window of opportunity for successful defibrillation. statement “Hands-Only (Compression-Only) Cardiopulmonary
Bystander CPR. Because early CPR increases the chance of Resuscitation: A Call to Action for Bystander Response to Adults
survival from OHCA, the frequency of immediately initiated Who Experience Out-of-Hospital Sudden Cardiac Arrests.””*
bystander CPR is critical to improving survival from cardiac arrest (See Table 1.) These new guidelines clearly emphasize the signif-
throughout a community. Bystander CPR doubles or triples survival icance of chest compressions.
rates from OHCA.!""" Recent evidence also suggests that CPR may Because of the importance of bystander CPR, EPs should
be particularly important in cases of prolonged cardiac arrest (i.c., support initiatives in their communities to increase the likelihood
an arrest duration of 4 to 5 minutes without treatment).?! of a public trained and motivated to recognize sudden cardiac
The quality of bystander CPR is also related to survival.!”:1%22 arrest, activate EMS, initiate high-quality CPR, and use an AED,
When Gallagher and colleagues studied the effect of quality if available.
bystander CPR (as assessed by trained pre-hospital personnel on Professional CPR. As with bystander CPR, the quality of
arrival at the scene using American Heart Association Guidelines CPR delivered by trained medical professionals has a significant
to determine adequate compressions and ventilations), they impact on survival. Medical professionals inconsistently provide
found that 4.6% of OHCA victims who received effective CPR high-quality CPR. Wik and colleagues demonstrated this in
survived compared to 1.4% of OHCA victims who received recently retrained paramedics and nurse anesthetists during 176
inadequate CPR (OR =3.4; 95% CI, 1.1 to 12.1; P < .02).2 adult OHCAs by continuously monitoring all chest compressions
An analysis of 8,091 OHCA victims from 20 different com- and ventilations using modified defibrillators programmed for
munities in Ontario, Canada, demonstrated that the odds ratio for CPR data collection. The primary outcome measure was adher-
very good quality of life was 2.0 for patients who received citi- ence to the 2000 International Liaison Committee on Resuscita-
zen-initiated bystander CPR.* The same study found that, of the tion Guidelines for CPR including a chest compression rate of
1-year survivors, 86% were in the best Cerebral Performance 100/minute to 120/minute; depth of 1 % to 2 inches (38 to 52
Category score class. This study helped dispel the common mis- mm); and a ventilation rate of 2 ventilations for every 15 com-
perception that survivors from OHCA frequently survive in a pressions before intubation and 10-12/minute after intubation.
chronic vegetative state.? The resuscitation performance measured by the authors was
Holmberg et al analyzed the Swedish Cardiac Arrest Registry dramatically different from that which is recommended. A mean of
between 1990 and 1995. They found that of 9,877 patients, 11 (95% CI, 11-12) ventilations were given per minute. The mean
bystander CPR was attempted in 36% and contributed an odds compression depth was too shallow at 34 mm (95% CI, 33-35
ratio of 2.5 for survival.'® mm) and only 28% (95% CI, 24%-32%) of the compressions had
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Table 1. AHA Advisory Statement

for Compression Only CPR

When an adult suddenly collapses, trained or untrained
bystanders should—at a minimum—activate their community
emergency medical response system (e.g., call 911) and provide
high-quality chest compressions by pushing hard and fast in the
center of the chest, minimizing interruptions (Class |).

« If a bystander is not trained in CPR, then the bystander
should provide hands-only CPR (Class lla). The rescuer should
continue hands-only CPR until an automated external defibrilla-
tor arrives and is ready for use or EMS providers take over care
of the victim.

« If a bystander was previously trained in CPR and is confi-
dent in his or her ability to provide rescue breaths with minimal
interruptions in chest compressions, then the bystander should
provide either conventional CPR using a 30:2 compression-to-
ventilation ratio (Class lla) or hands-only CPR (Class lla). The
rescuer should continue CPR until an automated external defib-
rillator arrives and is ready for use or EMS providers take over
care of the victim.

« If the bystander was previously trained in CPR but is not
confident in his or her ability to provide conventional CPR
including high-quality chest compressions (i.e., compressions of
adequate rate and depth with minimal interruptions) with rescue
breaths, then the bystander should give hands-only CPR (Class
Ila). The rescuer should continue hands-only CPR until an auto-
mated external defibrillator arrives and is ready for use or EMS
providers take over the care of the victim.

Reprinted with permission: Hands-Only Cardiopulmonary Resuscitation: A
Call to Action for Bystander Respnse to Adults Who Experience Out-of-
Hospital Sudden Cardiac Arrest: A Science Advisory for the Public from the
American Heart Association Emergency Cardiovascular Care Committee,
Circulation 2008;117:2162-2167. © 2008, American Heart Association, Inc.

a depth of 38 mm to 52 mm as recommended in the Guidelines.
One of the most important findings was that chest compressions
were given only 51% of the available time during resuscitation.*
With a focus on minimizing interruptions to chest compres-
sions and therefore maximizing myocardial and cerebral perfu-
sion, pre-hospital providers in Arizona implemented a protocol
termed Cardiocerebral Resuscitation (CCR) or Minimally Inter-
rupted Cardiac Resuscitation (MICR) in 2004. The CCR protocol
for pre-hospital providers includes an initial 200 uninterrupted
chest compressions at 100 compressions per minute, rhythm
analysis with a single shock when indicated, immediately fol-
lowed by 200 post-shock chest compressions before any pulse
check or rhythm reanalysis. Endotracheal intubation is delayed
until after three cycles of chest compressions and rhythm analysis.
One milligram intravenous epinephrine is administered as soon as
possible during the protocol and again with each cycle of chest
compressions and rhythm analysis. In a before-and-after analysis
of 886 patients in two large metropolitan cities, survival-to-hospi-
tal discharge increased from 1.8% (4/218) before CCR training to
5.4% (36/668) after CCR training (odds ratio [OR], 3.0; 95% con-
fidence interval [CI], 1.1-8.9). In the subgroup of 174 patients

with witnessed cardiac arrest and ventricular fibrillation, survival
increased from 4.7% (2/43) before CCR training to 17.6%
(23/131) after CCR training (OR, 8.6; 95% CI, 1.8-42.0).

In an analysis of CCR protocol compliance involving 2,460
patients across the state of Arizona with OHCA, survival was
significantly better among patients who received CCR than those
who did not (9.1% [60/661] vs 3.8% [69/1799]; OR, 2.7; 95%
CI, 1.9-4.1), as well as patients with witnessed ventricular fibril-
lation (28.4% [40/141] vs 11.9% [46/387]; OR, 3.4; 95% CI, 2.0-
5.8). The authors concluded that survival-to-hospital discharge of
patients with OHCA in Arizona increased after implementation
of CCR as an alternate EMS protocol and that the results need to
be confirmed in a randomized trial.*

Although the contribution of each individual component of
the CCR protocol is difficult to quantify, minimizing interrup-
tions to chest compressions is very likely an important factor in
the results. This finding clearly adds further support to the 2005
AHA Guideline recommendation for medical professionals to
minimize interruptions to chest compressions.

Hemodynamically Significant Components of CPR

Chest compressions create cerebral and myocardial blood flow
primarily by the thoracic pump mechanism (increasing and
decreasing intrathoracic pressure with each compression and
decompression of the chest). Specifically, forward blood flow in
the cerebral circulation occurs during the chest wall compression
phase, while forward blood blow in the coronary circulation
occurs during the chest wall decompression or relaxation phase.
Adequate chest compressions increase the likelihood of defibrilla-
tion success. Sufficient blood flow generated by CPR is especially
important if the first shock is delivered in the circulatory phase of
VF cardiac arrest (approximately 4-10 minutes after collapse).?!

Components of CPR known to affect hemodynamics include
ventilation rate and duration, compression rate, compression
depth, complete chest recoil, and hands-off time.*!

Ventilation. There is an inverse relationship between intratho-
racic pressure and coronary perfusion pressure and subsequent sur-
vival from cardiac arrest.***” Increased ventilation rates and venti-
lation duration cause increased intrathoracic pressure. Elevated
intrathoracic pressure impedes venous blood return to the heart,
thereby decreasing forward blood flow to the heart and brain dur-
ing CPR.*** Conversely, generation of negative intrathoracic pres-
sure on the upstroke of CPR augments venous blood return to the
heart, significantly improving hemodynamics and outcome. >
This fundamental physiologic concept applies to states of shock
and defines cardiopulmonary interactions during CPR.*

Aufderheide and colleagues performed a two-part clinical
observational study to determine: 1) the incidence of hyperventila-
tion during out-of-hospital CPR with the objective of quantifying
the degree of excessive ventilation in humans; and 2) whether
comparable excessive ventilation rates during CPR in animals sig-
nificantly decrease coronary perfusion pressure and survival. The
ventilation rates of 13 consecutive OHCA victims were document-
ed to have an average ventilation rate of 30 breaths per minute
(twice the 2000 AHA Guidelines-recommended rate). They found
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Table 2. Hemodynamically Significant Components of CPR3?

OPTIMAL
Ventilation * 8-10 breaths/min.
* No more than
1 sec/breath
* Tidal volume
500-600 ml/breath
Chest 1% to 2 inches
compression (approx 38-52 mm)
depth
Chest 100/min.

compression rate

Chest recoil Allow complete chest
wall recoil after each
compression

“Hands-off time” < Minimize ALL
interruptions to
CPR
* No pauses > 10
seconds

Other common CPR mistakes:

COMMON ERRORS

* Excessive ventilation rate
« Prolonged ventilation duration
» Excessive tidal volume

« Compressions too shallow

« Compressions too slow
* Compressions too fast

« Failure to allow full chest
recoil

« Leaning on chest

» Rescuer fatigue

Prolonged periods of no CPR

due to:

» Endotracheal intubation

« AED voice prompts

* Pulse checks

« Logistics surrounding
defibrillation

» Changing rescuers

EFFECTS OF
COMMON ERRORS

T Intrathoracic pressure
| Coronary perfusion pressure
{ Survival

| Coronary perfusion pressure
| Cerebral perfusion pressure

| Coronary perfusion pressure
| Cerebral perfusion pressure

T Intrathoracic pressure
| Coronary perfusion pressure
| Cerebral perfusion pressure

| Success of defibrillation

| Return of spontaneous
circulation (ROSC)

{ Survival

< Not performing CPR on a gasping patient (gasping is common in the first few minutes of VF arrest)
< Not rotating providers, resulting in fatigue and poor CPR performance
« Performing CPR during pre-hospital transport, resulting in poor CPR quality. It is recommended that, if possible, resuscitation occur

KEY POINTS FOR
PROVIDERS

“Don’t overventilate”

“Push hard”

“Push fast”

“Allow complete
chest recoil”

“Minimize
interruptions to
chest
compressions”

where the person is found.

that survival in pigs ventilated at 12 breaths per minute (with 100%
02) was 6 of 7 (86%), compared with a survival rate of 1 of 7
(17%) in 2 groups of pigs at a rate of 30 breaths per minute (one
group with 100% O2, another with 95% O2 and 5% CO2) (P <
0.001). Thus, pigs with higher mean intrathoracic pressure caused
by excessive ventilation rate and duration had significantly lower
coronary perfusion pressure and survival rates.

These data revealed that hyperventilation is common even by
recently trained professionals. Also evident was the fact that any
degree of hyperventilation is likely to have detrimental hemody-
namic and survival consequences during low flow states such as
CPR. Thus, rescuers should avoid excessive ventilation rates and
duration during CPR and, following establishment of an
advanced airway, provide a ventilation rate of 8-10
breaths/minute and a breath duration of no greater than 1 sec-
ond/breath.*! (See Tuble 2.)

Chest Compression Rate. Inadequate rate of chest compres-
sions commonly decreases the quality of CPR delivered during
resuscitation. Chest compression rate should not be confused
with the number of compressions provided per minute. For

example, with a rate of 100/minute, each compression takes 0.6
seconds. With a chest compression to ventilation ratio of 30:2
(assuming 2 breaths delivered at 1 second/breath), 30 compres-
sions (18 seconds) and 2 ventilations (2 seconds) are delivered in
20 seconds or a total of 90 compressions actually
delivered/minute. Although it is possible to provide a chest com-
pression rate that is too fast during manual CPR, it is much more
common for compressions to be too slow and result in compro-
mised hemodynamics. Therefore, it is crucial to maintain a chest
compression rate of at least 100/minute to optimize hemodynam-
ics during CPR. (See Table 2.)

Chest Compression Depth. One of the most common errors
compromising hemodynamics during CPR is the rescuer’s failure
to press deep enough during chest compression. Studies in the
out-of-hospital®* and in-hospital settings* demonstrate that 40%
of chest compressions are of insufficient depth.

Current 2005 AHA Guidelines state that the adult chest com-
pression depth should be 1.5 to 2 inches (approximately 38-52
mm).32 (See Table 2.)

Complete Chest Recoil. Another significant factor in gener-
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Figure 2. Hands-Off Interval vs. ROSC
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ating optimal forward blood flow during CPR is allowing the
chest wall to fully recoil. New data have shown that a small vac-
uum (negative pressure) develops within the thorax each time the
chest is allowed to fully recoil, facilitating venous blood return to
the heart (preload).*# Conversely, when the chest is not allowed
to completely recoil, continuous positive pressure occurs within
the chest, increasing intrathoracic and intracranial pressure, com-
promising blood flow to the heart and brain.

In an animal study,” as little as 1 cm of incomplete chest recoil
significantly reduced coronary perfusion pressure. In addition,
cerebral blood flow was significantly compromised. Furthermore,
it is important to realize that excessive ventilations and incom-
plete chest recoil work synergistically to further compromise
blood flow to the heart and brain compared with what would oth-
erwise occur with just one of these errors in CPR performance.*

Incomplete chest recoil is common in clinical practice. During
an observational study of EMS providers, incomplete chest wall
recoil was visually observed at some time during resuscitative
efforts in 6 of 13 (46%) consecutive adult OHCAs.* This most
often occurred during rescuer fatigue. Rescuers tend to lean on
the chest during CPR when fatigued. Doing so increases
intrathoracic pressure, inhibiting venous blood return to the heart
and compromising hemodynamics. Permitting full release of the
chest wall after each compression is essential to maximizing
blood flow to the heart and brain and improving outcome from
cardiac arrest. (See Table 2.)

“Hands-off Time.” The recognition that interruptions to chest
compressions are deleterious has led to the concept of “hands-off
time” (the percent of time during resuscitation when chest com-
pressions are not being performed). (See Figure 2.) Yu and col-
leagues studied the relationship between interrupting CPR and
defibrillation attempts in a swine model. They found that delays
exceeding 15 seconds decreased the success of defibrillation.*”

Human observational studies showed that professional health-
care providers interrupted chest compressions in 24% to 49% of
total arrest time.**#® Reasons for prolonged “hands-off time”
include following AED verbal voice prompts, performing intuba-
tion, pulse checks, logistics surrounding defibrillation, and trans-
porting patients. An aggressive but attainable goal for minimiz-
ing interruptions to chest compressions in clinical practice is
10% “hands-off time.”

As recommended in the 2005 AHA Guidelines, a provider
should not stop chest compressions for longer than 10 seconds.*?
To achieve this goal, providers should be creative (e.g., intubat-
ing while chest compressions are being performed or first visual-
izing the vocal cords, getting ET tube in place, then stopping
CPR for 10 seconds while placing ET tube in the trachea, then
immediately starting CPR again). Another possible approach to
decrease “hands-off time”: performing chest compressions while
the defibrillator charges. Never check for a pulse longer than 10
seconds. If you don’t feel a pulse in 10 seconds, it isn’t there.
Continue CPR! (See Table 2.)

Impedance Threshold Device. The Impedance Threshold
Device (ITD) is a small, 35-mL device that can be attached to any
airway [e.g., face mask, Combitube® (Tyco-Kendall, Mansfield,
MA), King LT ® (King Systems Corporation, Noblesville, IN), or
endotracheal tube]. Each time the chest recoils during CPR, the
device transiently blocks air from entering the lungs, creating an
enhanced vacuum in the chest. This vacuum, created on the
upstroke of CPR, not only facilitates venous blood return to the
chest but also decreases intracranial pressure, thereby significant-
ly improving blood flow to both the heart and brain on each sub-
sequent compression. The ITD can be considered a hemodynami-
cally significant component of CPR because its use has been
shown to increase blood flow to the heart and brain,***° signifi-
cantly raise blood pressure,*” and improve short-term survival
after cardiac arrest.**! The first human trial randomized 230
adults after OHCA to receive standard CPR with either a sham or
active ITD.*“ In patients receiving femoral arterial blood pres-
sure monitoring during CPR, systolic blood pressure was signifi-
cantly increased with the active ITD versus the sham ITD: 85.1 £
28.9 mmHg versus 42.9 + 15.1 mmHg, respectively, P <0.001.41
There were significantly increased ICU admissions in patients
presenting in pulseless electrical activity (PEA) with use of active
ITD, 19% vs. 52%, (P = 0.02).*> In a large EMS system in
Staffordshire, England, survival to emergency department admis-
sion was significantly greater among cardiac arrest patients who
received the ITD (61/181 [34%]) compared with historical con-
trols (180/808 [22%]) (p < 0.01).!

Collectively these findings demonstrate that the ITD provides
a novel means to significantly increase circulation during stan-
dard CPR and cardiac arrest. The 2005 American Heart Associa-
tion Guidelines classified the ITD as a Class Ila device to
increase circulation and ROSC.*

Rescuer Fatigue

Rescuer fatigue needs to be managed to maximize hemody-
namics during CPR. Fatigue occurs rapidly (within the first two
minutes of CPR) and significantly decreases the quality of CPR
delivered. Furthermore, rescuers’ performance of CPR is not
accurately perceived or self-reported. Rescuers commonly over-
estimate the percentage of adequate compression depth, correct
hand placement, and complete chest recoil.*

Ochoa and colleagues showed that for ED and intensive care
doctors and nurses trained in CPR, the depth of chest compres-
sions markedly declined after only 1 minute of CPR in 79.7% of
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cases. They found that this change in quality did not depend on
gender, age, weight, height, or rescuer’s profession, and it was
not adequately perceived by the person who performed the chest
compressions.*

In another study, a three-person team of professional rescuers
optimized delivery of CPR by performing CPR in rotation at 1-
minute intervals. The authors concluded that chest compressions
performed for 1 minute, preferably by three rescuers in rotation,
maintain a high level of effectiveness. Longer periods of chest
compressions by an individual should be discouraged. While
rotating rescuers every 1 minute during resuscitation may not be
practical, a protocol employing a frequent change in rescuers,
when possible, helps prevent fatigue and suboptimal CPR.* The
AHA recommends switching rescuers every 2 minutes to avoid
fatigue and its detrimental effect on resuscitation.*

Monitoring the Quality of CPR During
Resuscitation

Technology now exists for healthcare providers to receive feed-
back on the hemodynamically significant components of CPR in
real time via devices that measure the rate, depth, and recoil of
chest compressions, along with ventilation parameters. Devices
such as the Real CPR Help® by ZOLL (ZOLL Medical Corpora-
tion, Chelmsford, MA) and QCPR® by Laerdal (Laerdal Medical
Corporation, Stavanger, Norway) may contribute to improving the
quality of CPR and subsequent hemodynamics.

Mechanical CPR

With clear evidence that the quality of CPR improves out-
comes and that the delivery of manual CPR is flawed and incon-
sistent, the opportunity to provide mechanical CPR has been pro-
posed for several years. There are several commercially available
mechanical CPR devices that are currently FDA approved such
as the LUCAS ® Chest Compression System (Jolife, Lund, Swe-
den), and the ZOLL AutoPulse ® (ZOLL Medical Corporation,
Chelmsford, MA).

While mechanical CPR devices have been shown to improve
short-term survival and hemodynamics in animals and humans,*
results on long-term survival have been mixed.

Results from the multi-center Assisted Prehospital International
Resuscitation Research (ASPIRE) trial showed that survival at four
hours was not significantly different between OHCA victims who
received manual CPR and those receiving CPR with the ZOLL
AutoPulse ®—a portable device that automates and standardizes
chest compressions by way of a load-distributing band (LDB)
across the chest (26.4% and 24.7%, respectively). However, sur-
vival to hospital discharge was higher among the manual CPR
group than the LDB-CPR group (9.9% vs. 5.8%, p = .04). During
a planned interim analysis, the data and safety monitoring board
found that the AutoPulse group showed worse neurological out-
comes prompting them to end study enrollment early. The authors
concluded that the worse outcomes in the LDB-CPR group were
likely related to device design and implementation strategies.>

A second study, which tracked use of the AutoPulse® by the
Richmond (VA) Ambulance Authority in a phased observational

evaluation between January 2001 and March 2005, showed differ-
ent results. It found that AutoPulse® patients showed higher rates
of ROSC (34.5% vs. 20.2%), survival to hospital admission
(20.9% AutoPulse® vs. 11.1% manual CPR, p = 0.0002), survival
to hospital discharge (9.7% AutoPulse® vs. 2.9% manual CPR, p
=0.0001), and had no differences in neurological outcomes.>’

An on-going international, multi-center, randomized con-
trolled trial [the Circulation Improving Resuscitation Care
(CIRC) Trial], of the AutoPulse® is intended to definitively
answer the question of whether AutoPulse® CPR is superior to
manual CPR for OHCA (http://www.circtrial.com/study-
overview.html).

To date no mechanical CPR device has consistently been shown
to be superior to standard manual CPR for out-of-hospital basic life
support. The 2005 AHA Guidelines for Cardiopulmonary Resusci-
tation give LDB-CPR a Class IIb recommendation.*

Continual Quality Improvement

Continual quality improvement is critical to maximizing the
success of out-of-hospital and in-hospital resuscitation programs.
Standardized Utstein templates have been created to monitor and
facilitate outcome measurements for out-of-hospital and in-hos-
pital cardiac arrest.*®!

In the out-of-hospital setting, EMS directors should consider
utilizing equipment capable of electronically monitoring CPR
performance, establish a database of this information, and pro-
vide system-wide quality assurance feedback on the performance
of CPR. (See Table 3.) This can be provided collectively (for the
entire system) and individually following review of CPR per-
formance after each cardiac arrest. CPR performance and patient
outcome for the system can be monitored. It is also feasible for
public health departments to track the incidence of OHCA and
implement a system-wide quality assurance program.

In 2000 the American Heart Association established the
National Registry of Cardiopulmonary Resuscitation (NRCPR)
to aid participating health care facilities with systematic data col-
lection on resuscitative efforts.®? The purpose of the registry is to
develop a well-defined database to document resuscitation per-
formance of hospitals over time. This information can establish
the baseline performance of a hospital, target problem areas, and
aid in the discovery of opportunities for enhancement in data col-
lection and the resuscitation program in general. The registry is
also the largest repository of information on in-hospital car-
diopulmonary arrest. Information concerning the NRCPR, is
available at its web site: www.nrcpr.org.

The Joint Commission for the Accreditation of Healthcare
Organizations (JCAHO) has revised standards for individual in-
hospital resuscitation capabilities to include evaluation of resus-
citation policies, procedures, processes, protocols, equipment,
staff training, and outcome review.%

Defibrillation
Defibrillation involves the administration of current through the
chest to the heart to depolarize myocardial cells and abolish VF.
There are two categories of defibrillators (monophasic and
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Table 3. Monitoring Quality of CPR Delivered

at the Scene of Cardiac Arrest3?

« All professional rescuers should monitor CPR at the scene of
cardiac arrest (both in-hospital and out-of-hospital).

 There should be a leader during the arrest who monitors
quality of CPR delivered and provides real-time feedback
to rescuers.

» The leader should monitor chest compression rate and depth,
ventilation rate and duration, complete chest recoil, and
“hands-off time.”

» Systems should implement a CPR quality assurance program.

biphasic) based on the waveform delivered. Lower-energy bipha-
sic waveform shocks have equivalent or higher success for termi-
nation of VF than do monophasic waveform devices, which
deliver escalating energy (200 J, 300 J, 360 J).*

EMS Defibrillation. The 2005 AHA Guidelines addressed
two important questions regarding the interaction between CPR
and defibrillation. The first was whether CPR should be provided
prior to attempting defibrillation. Two clinical studies of adult
OHCA showed improved survival when patients who had col-
lapsed between 4 to 5 minutes or longer received a period of
90-180 seconds of CPR prior to attempted defibrillation.?*?! The
Guidelines state that when the OHCA is not witnessed by EMS
personnel (likely representing patients in the circulatory phase of
VF arrest), providers may give 5 cycles of CPR prior to thythm
analysis and defibrillation (Class IIb).

The second question addressed the number of shocks to be
delivered prior to resuming CPR after defibrillation. An observa-
tional study of OHCA revealed that health care providers per-
formed chest compressions only 51% of total CPR time.** Based
in part on this study, the 2005 AHA Guidelines changed from a
3-stacked shock protocol to a 1-shock protocol in an attempt to
reduce interruptions to chest compressions.*!

Public Access Defibrillation. In addition to defibrillation per-
formed by medical providers, it has been shown that automated
external defibrillators (AEDs) are safe and effective when used
by trained public-safety personnel who have a duty to respond to
medical emergencies.®

The Public Access Defibrillation (PAD) Trial published in
2004 showed that defibrillation performed by trained volunteers
(laypersons whose job description did not include the responsi-
bility to respond to medical emergencies) in an organized system
of 993 communities in 24 North American regions is safe and
can increase the number of survivors after OHCA.%

However, the authors of the PAD trial cautioned against
extrapolation of these results and commented that the effective-
ness of widespread implementation of public AED programs
would likely be moderate due to the fact that approximately 80
percent of arrests occur in the home.%

Home Defibrillation. Results from a study of home AED use
were recently published and showed that for survivors of anteri-
or-wall myocardial infarction who were not candidates for
implantation of an ICD, access to a home AED did not signifi-

cantly improve overall survival, as compared with reliance on
conventional resuscitation methods.® Clearly, further research is
needed to identify what role AEDs may have in the home.

Post-Cardiac Arrest Care

Post-cardiac arrest syndrome is a distinctive and multifaceted
combination of pathophysiological processes including: 1) post-
cardiac arrest brain injury; 2) myocardial dysfunction; and 3)
ischemia/reperfusion injury. Recent advances in the understand-
ing of these pathophysiological processes have yielded treat-
ments to help improve outcome from OHCA.

During the post-resuscitation phase, cardiac arrest patients are
at high risk for multi-system organ failure. While a complete
review of post-cardiac arrest care is beyond the scope of this
report, some factors believed to impact survival include therapeutic
hypothermia, percutaneous coronary intervention (PCI) when indi-
cated, hemodynamic support, close glucose control, appropriate
ventilation, as well as consideration of an ICD prior to discharge.

Therapeutic Hypothermia. Therapeutic hypothermia should
be part of a standardized treatment strategy for comatose sur-
vivors of cardiac arrest.%”% (See Tuble 4.)

While TH is recommended by the 2005 AHA Guidelines as a
Class Ila therapy for adult victims of VF OHCA,® few patients
in the United States currently receive it. A 2005 survey of 265
physicians (including intensivists, EPs, and cardiologists)
revealed that 87% had never utilized TH for cardiac arrest
patients.” Reasons cited for non-use include: 49% felt that there
were not enough data, 32% mentioned lack of incorporation of
hypothermia into advanced cardiovascular life support (ACLS)
protocols, and 28% felt that cooling methods were technically
too difficult or too slow. Two randomized controlled trials com-
paring TH with normothermia were published in 2002. Both
studies demonstrated improved neurological outcome and sur-
vival.”""? Patients in these studies were cooled to 33°C or the
range of 32°C to 34°C for 12 to 24 hours, respectively.

Four studies with historical control groups showed a benefit
after TH in comatose survivors of OHCA after non-VF arrest’
and all thythm arrests.®™7> Additional observational studies also
indicate possible benefit after cardiac arrest from other initial
rhythms and in different settings.”s”

Therapeutic hypothermia is the only therapy given in the post-
cardiac arrest setting that has been shown to improve neurological
outcome. Numerous techniques are currently available to induce
and maintain hypothermia, such as the topical application of ice,
cold intravenous fluids, cooling blankets, intravenous cooling
catheter, cooling vests, and ice water immersion. Each technique
has advantages and disadvantages with regard to induction time,
convenience, temperature accuracy, and cost. The ideal induction
technique, target temperature, duration, and rewarming strategy
have yet to be established. As the optimal method of TH evolves,
more patients likely will receive and benefit from TH. More infor-
mation on TH protocols can be found at: http://www.med.upenn.
edu/resuscitation/hypothermia/protocols.shtml.

Percutaneous Coronary Intervention (PCI). Coronary
artery disease (CAD) is found in the majority of OHCA
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Table 4. Therapeutic Hypothermia

« Unconscious adults with ROSC after out-of-hospital cardiac
arrest should be cooled to 32°C to 34°C for 12-24 hours
when initial rhythm was VF (Class lla).

» Therapeutic hypothermia also may be beneficial for other
cardiac arrest rhythms or following in-hospital cardiac
arrest (Class llb).

Adapted from: 2005 American Heart Association Guidelines for Car-
diopulmonary Resuscitation and Emergency Cardiovascular Care: Part
7.5: Postresuscitation Support. Circulation 2005;112(24 Suppl):1V-84-IV-
88.

patients,”®® with acute myocardial infarction (AMI) being the

most common identifiable cause of sudden cardiac death. It has
been shown that ST-elevation and/or chest pain prior to collapse
may be insensitive markers of acute coronary occlusion in post-
cardiac arrest patients.®! Thus, a protocol advocating early post-
cardiac arrest coronary angiography followed by PCI has been
shown to be a successful approach after OHCA.*

Since acute coronary occlusion is an identified cause of OHCA,
prospective studies are needed to determine if immediate coronary
angiography should be carried out in all patients who regain ROSC.

If there are no facilities for immediate PCI, in-hospital throm-
bolysis is recommended for patients with ST-elevation who have
not received pre-hospital thrombolysis.?*# Coronary artery
bypass grafting is indicated in the post-resuscitation phase for
patients with left main stenosis or 3-vessel CAD if cardiac arrest
was thought to be caused by ischemic heart disease and there is a
reasonable chance of neurological recovery.$%°

The combination of early angiography/PCI with TH in 40
comatose patients resuscitated after OHCA caused by ST-seg-
ment elevation myocardial infarction (STEMI) resulted in a sur-
vival-to-discharge rate of 75% compared with 44% among
patients who underwent PCI but not TH.%

It is technically feasible to bring patients to the cardiac
catheterization laboratory during the hypothermia process, and
the combination of early PCI and TH for patients who remain
comatose after cardiac arrest caused by STEMI is an acceptable
and promising approach.®3¢

Patients resuscitated from OHCA and having ECG criteria for
STEMI should undergo urgent coronary angiography with subse-
quent PCI, if indicated. In addition, given the high prevalence of
acute coronary syndrome (ACS) in patients with OHCA and the
limitations of ECG-based diagnosis, it is appropriate to consider
immediate coronary angiography in all post-cardiac arrest
patients in whom ACS is suspected. If PCI is not available,
thrombolytic therapy is an appropriate alternative for post-car-
diac arrest management of STEMI. Standard guidelines for man-
agement of ACS and CAD should be followed.

Hemodynamic Support. Hemodynamic instability common-
ly occurs after OHCA and manifests as dysrhythmias, hypoten-
sion, and low cardiac index. Managing hemodynamics is an

important part of the post-cardiac arrest care. The first-line inter-
vention for hypotension after OHCA is to maximize right-heart
filling pressures by administration of intravenous fluids. One
study showed that 3.5 to 6.5 L of intravenous crystalloid was
required in the first 24 hours following ROSC to maintain right
atrial pressures in the range of 8 to 13 mmHg. Inotropes and
vasopressors should be considered if hypotension persists despite
optimized preload.®

Post-Cardiac Arrest Continuum of Care. A smooth contin-
uum of care and on-going collaboration between pre-hospital
providers, EPs, cardiologists, and critical care intensivists is nec-
essary to ensure a successful outcome post cardiac arrest. To
improve consistency and quality of care, EPs must remain cur-
rent with evidence-based protocols and coordinate their imple-
mentation. Given the complex nature of post-cardiac arrest care,
there should be off-line agreements between pre-hospital
providers and multidisciplinary hospital teams to develop strate-
gies and clinical pathways to provide patients resuscitated from
cardiac arrest optimal hospital-based therapies in a timely fash-
ion. Acknowledging that not all hospitals have the resources to
deliver these therapies, employing the regionalization of special-
ty care strategies analogous to the trauma center model may help
assure that as many OHCA victims as possible receive high-
quality standardized post-cardiac arrest care. While preliminary
evidence suggests it would be safe to incorporate pre-hospital
bypass protocol delivering patients to post-cardiac arrest centers,
additional investigation into this practice is needed.

Conclusion

Emergency physicians should implement and promote these
proven interventions in their hospitals and throughout their com-
munities. Our expanding insight into resuscitation provides the
opportunity for significantly improving neurologically intact sur-
vival from cardiac arrest.
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Physician CME Questions

101.

102.

103.

104.

The most important intervention during the circulatory phase of VF

cardiac arrest is:

A. to provide immediate defibrillation.

B. to ventilate and oxygenate.

C. to generate adequate coronary and cerebral perfusion pressure
by providing high-quality CPR prior to defibrillation attempt.

D. to initiate therapeutic hypothermia (TH) with target temperature
of 32°C to 34°C.

Which of the following is true of bystander CPR?

A. It has been shown to have no impact on survival from OHCA.

B. Rates of bystander CPR vary, but they average 70-80% in the
United States.

C. Effects of bystander CPR are not well studied.

D. It decreases the rate of degeneration of VF to a non-shockable
thythm.

Studies of medical professionals performing CPR have shown:

A. adequate chest compression rate and depth, and full chest recoil
occur in nearly 80% of resuscitations.

B. excessive ventilation rates were documented in recently trained
providers.

C. tidal volume delivered was appropriate.

o

minimal interruptions to chest compressions were noted.
E. physically fit medical professionals often provide optimal chest

compressions for over 6 minutes.

During resuscitation, ventilation rates over 8-10 breaths/minute and
prolonged ventilation result in:

A. increased mean intrathoracic pressure.

B. increased coronary perfusion pressure.

C. increased venous return to the heart.

D. increased survival.

E. increased cerebral blood flow.

105. Which of the following components of CPR is known to affect
hemodynamics?
A. Chest compression rate
B. Ventilation rate
C. Allowing complete chest recoil following each compression
D. Appropriate chest compression depth
E. All of the above

106. Which of the following is a common cause of interruptions to chest
compressions during professional CPR?
A. Endotracheal intubation
B. Use of an automated external defibrillator (AED)
C. Frequent pulse checks
D. Changing rescuers during resuscitation
E. All of the above

107. An aggressive but attainable target goal for “hands-off time” during
the entire resuscitation is:

A, 10%.
B. 25%.
C. 35%.
D. 50%.

108. Rescuer fatigue during resuscitation efforts is:
A. infrequent among well-trained medical professionals.
B. commonly self-recognized.
C. detrimental to the quality of CPR.
D. only seen in layperson rescuers.
E. unavoidable.

109. Optimally, chest compressions during CPR:
A. are performed at a rate of 130/minute.
B. are withheld while assessing agonal breathing.
C. arenot interrupted for more than 10 seconds for any reason dur-
ing resuscitation.
D. are performed by rescuers rotating every 5 minutes.
E. are given by one provider throughout the resuscitation to avoid

confusion.

110. Therapeutic hypothermia (TH) for comatose patients who regain a
pulse after a VF OHCA:
A. isaClass Ila recommendation by the AHA Guidelines.
B. has been shown to improve neurological outcomes in random-

ized controlled trials.

C. isdelivered to few eligible victims.
D. has been shown to improve survival in randomized controlled trials.
E. all of the above.

CME Answer Key

101. C; 102. D; 103. B; 104. A; 105. E; 106. E; 107. A; 108. C; 109. C;
110.E
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